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STUDY OF THE KINETICS OF HYDRAZINE
DECOMPOSITION OF HYDRAZINE VAPORS
ON PALLADIUM

A. A. Khomenko and L. 0. Apel'baum*

Hydrazine decomposition is described by stoichiometric equations

[1]:

Fo3, = Ny ¢ 2y, .' (1)

BB, w Xy o ANy

(2)

Catalytic decomposition of hydrazine on the surface of various
metals has been studied in a number of publications [2 - 12]. The
data obtained in these publications demonstrated that the ratio
of decomposition rates of NoH, from equations (1) and (2) depends
on the nature of the metal, and on some metals, it also depends on
the hydrogen content in the reaction mixture and the reaction
temperature. Different hypotheses on the mechanism of the reaction
[4, 6, 7 - 13] have been advanced to interpret the obtained data.
We studied the decompositioa of NZHA on a palladium surface. This
was desirable because of the special features of the Pd - H, system.
There are no corresponding date in the literature. The experiments
were conducted in a <=irculating unit at atmospheric pressure.

At 120 - 165° the catalyst used was palladium foil (geometric surface

S = 1140 cmz), at 220° it wsas a semipermeable palladium membrane [147.

Hydrazine vapors were fed inte the reaction cycle by passing
He, H, or 2 mixture of these gases through an evaporator with liquicd
hydrazine at temperature 80 - 90° and two temperature-contrclled
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condensers. In the experiments ¢n hydrazine decomposition on the /144
surface of a semipermeable membrane, the catalyst used wats a

palladium test tube with surface 17 cm2 sealed into a quartz

reaction vessel (50 cm3 in volume) with the help of a Kovar-.

molybdenum glass - quartz junction. The inner volume of the

palladium test tube was connected to a system :zcntaining a gas

mercury buret and manometer to supply hydrogen to the reaction side

or remove hydroger. from the reaction side. This sart of the unit

could be filled with hydrogen and pumped out.

The gas mixture emerging from the reaction cycle, after freezing
of the formed NH4 and unreacted NoH, in a liquid nitrogen-cooled
trap, entered the gas analyzer to determine the hydrogen content
and a foam flow meter. The gas mixture in the gas analyzer was
heated to 200° ard passed above the external surface of the palladium
test tube whose inner volume was connected to a mercury pressure gauge.
Hydrogen contained in the analyzed mixture flowed inside of the
test tube until the establishment of stationaryv pressure equal to
the partial pressure of H, in the mixture; hydrogen pressure was
measured by pressure gauge. The N, content in the uncondensed gas
mixture was determined by the method of gas chromatography. In
order to detérmine the quantity of unreacted hydrazine and the
formed ammonia, the hydrazine frozen in the trap and the ammonia
were blown out by a helium current into a vial with titered solution
of HCl. Titration of individual samples of hydrochloric acid solution
by KO and KBr0O, solutions made it possible to determine the
quantity of NZHQ and NH3.

Experiments were preliminarily conducted on hydrazine decompo-
sition in empty reaction vessels. Théy showed that under our
experimental conditions, decomposition of hydrazine on the walls
of the vessel and in the gas phase could be ignored.

The results of the experiments on decomposition of hydrazine

are presented in tables 1 and 2. 1In the tables, Q designates the

total volume of gases emerging from the reaction cycle in liters

1 T . i
(0.1 atm.)/hour; PNZHA, PNZ, PHZ, PNH3’ Pye are the partial



pressures of hydrazine, nitrogen, hydrogen, ammonia and helium in

the gas mixture; WN and Wyy. are the output of catalyst for nitrogen

3

and ammonia expresséd by the volume of the corresponding gas reduced

to 0° and 760 mm Hg formed on this quantity of ratalyst in one hour.

The rates of nitrogen and ammonia formation, ry and Ty, are linked
C .o g er.s 2 3
to th?se quantities by the equalities "4, i 8 5 and
Trm, * Tm, B where s is the surface of the catalyst. f, desig-

nates the volatility of hydrogen in palladium measured by s%ationary

pressure of hydrogen on the supply side of the semipermeable membrane
[14].

The dependence of Wy and Wy, on the composition of the
reactive mixture at 1h0°2is prese%ted in table 1. It follows from
it that in the mixtures which do not contain added hydrogen, hydra-
zine decomposition on palladium at 140° occurs predominantly by
equation (1). Especially set-up experiments demonstrated that at
temperatures 140 - 220° ammonia is not decomposed on palladium,
and consequently, hydrogen is formed directly from hydrazine by
equation (1). The addition of hydrogen to the initial mixture
severely inhibits WN . The data presented in table 1 regarding

Wy can be describedzby the equation:
2

0.2%

Pyu,
']‘2 "uz _ﬁ.u’ (3)
5

where KN2 is a constant. The quantities KNZ computed from
equation”(3) are presented in table 1; withIn each series of
experiments they preserve satisfactory constancy. Deceleration
of the reaction by hydrogen to a degree greater than 1 cannot be
explained by filling the surface with hydrogen. It should be
atrributed to reversibility of the intermediate stages of the
reaction. The temperature relationship of WN is described by an

Arrhenius equation with activation energy 21.5 % 2.5 kcal/mole.

/]



It is difficult to judge the type of dependence of Wyy. at 140°

on partial pressures of N,H, and H, since with low content30f NHq

in the mixture with hydrazine, the relative error of determining NH4 /1
was large. This relationship can be approximately represented by

an equation of the type

- = (4)
‘m’ » [m’ szu‘ ruz .

where KNH is a constant, m and n are exponents (m = 0.4 - 0.2;
3
n=20,2 -"0).

Table 2 presents the results obtained from hydrazine decomposition
on the surface of a palladium membrane at 220°; they can be described
by the following kinetic equations:

'na - :'2 -.575’.“. .

)
B

”~~
w
N

0.6 o,
Sty ® By Fro, m, ©

The quantities Ky and Kyn computed from equations (5) and (6)
are presented in %able 2. 3They are approximately constant within
each series of experiments.

It follows from the experimental data obtained in the work at
220° that with specific P and P, , Wy, and W have the same
N 2H H N NH
value regardless of whethef ﬁydrogen is passed thr%ugh the membrane
or is added directly to the original gas mixture. This result does
not agree with the hypothesis on the chain mechanism for the reaction

with adsorbed atoms of hydrogen as active carriers of the chain [14].

In the absence of a flow of hydrogen through the membrane,

stationary hydrogen pressure is on the supply side of the membrane
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TABLE 1

RATE OF HYDRAZINE DECOMPOSITION WITH DIFFERENT

COMPOSITIONS OF
REACTING MIXTURE. REACTION TEMPERATURE 140°.

CATALYST IS PALLADIUM

FOIL: S_, = 1140 cm?
pd
1 1 5
(c Xepun u : Q | Nepussxasmue xsaxemxs » posrupymmeR cwson, 5, ; 'NH;E k, ,
® omits (3/vsc ) e aTv,
(d) | e o |t JayTeererm (g)
! . 1
I P P P r P !
{ W, ] i ol Hte (£)1 (E)rgy? 0455 .
L PUN 2 G 3 P lew t
1 coxp.. 107
1 ; 2 JI . _ | g%m )
4 5 6 ? 8 1 9 1 Io
2/3 13,46 0,0262 0,0208 0,0405 0,00120 0,911 280,0 16,0 6,9
5 13,51 0,0291 0,0216 0,422 0,001338 0,906 292,0 18,0 7,0
2 6,50 0,024% 0,0268 0,252 ©0,00321 0,918 18,7 20,8 640
1 6,01 0,027% 0,00126 0,512  0,00477 0,455 8,0 80,6 6,7
s 6,38 0,0246 0,00116 0,515  0,00421 0,455 7.2 2,8 6,6
31 13,68 0,0815 0,0271 0,051?7 0,00360 0,836 370,0 52,0 4,9
2 s,04 0,01a1 0,0I37 0,0258 0,0025 - 0,94 92,5 06,0 3,8
/1 17,57 0,126 0,022 0,0538 0,00148 0,79% 473,0 26,0 TN
2 8,82 0,133  0,0382 0,070 0,00372 0,75 318,0 BI,0 'R A
30) 8,86 0,I3%  0,0230 0,1I5 0,00830 0,724 204,0 88,0 5,5
A3) 7,89 0,Ial  y,00785 0,255  0,00406 0,592 58,0 30,0 4,5
I 2 3 3 5 6 ? 8 9 10
5/28) 1a,13 0,0221 0,00477 60,0505 0,00I60 0,921 67,5 22,6 2,7
3s) 18,18 0,025 0,00928 0,0495 0,00198 0,897 131,0 28,0 2,9
Is) 18,10 0,054 0,0118 0,04%0 0,00246 0,882 65,0 35,0 2,9
Sa) 18,16 0,058 .0,0115 0,0873 0,00212 0,8% 162,0 30,0 2.6
%s,0)}, ~ 10,77 0,113  0,0267 0,0505 0,00426 0,805 257,0 46,0 2,7
6/2 3,08 0,0210 0,00685 0,218  0,005%0 0,748 20,8 18,0 6,7
Ia) 3,09 0,049 0,0109 0,228 0,006 0,710 83,9 21,0 5,3 .
3s) 3,07 0,0736 0,040 0,233  0,0065 0,673 43,0 20,0 6,6
Sa) 8,05 0,0722 0,0139 0,219  0,0082 0,687 42,5 25,0 7.2
As) 2,89 0,0865 0,0172 0,250 0,0093 0,637 . 50,0 23,4 5,7
Key:
a. Hydrogen was added to the reaction mixture in
the experiment
b. ©before the experiment, pallacdiu? was oxidized
and reduced
c. ©Series and number of experiment
d, l/h
e. Partial oressures in reacting mixture, atm.
£ om~ /T
i (G2 R A Y
g. frgm equation
h. cm”’/h x atm.
ey e P
Ha _nz

(see table 2). This observation is explained if we assume

that the reaction occurs with intermediate formation of hydrogen



atoms which are adsorbed and diseolved in the metal, and their

concentration during the reaction is more equilibrium in relation to

P, [151].
H,

TABLE 2

RATE OF HYDRAZINE DECOMPOSITICN WITH DIFFERENT COMPOSITIONS
OF REACTING MIXTURE. REACTION TEMEERATURE 220°. CATALYST

IS PALLADIUM MEMBRANE; S d = 17 cm

copurl 8 | R Runn)lbmm AIBJNCHKA B Pasrupyn- H, I N2 | N l N, l i,

'R | cuecH, BTM. ow? 2

onunl ﬁ%ﬁ i (d) . oTu. l‘T}E ;61_1!10 yltaan 8;),) no ‘yp(a;:).(s)

X P Py, P B

(b) (C) Pr, 'r; Hy Wy e (e)x f)l (£) . | e con,

! *-

15/4 4,03 0,129 O,0u818 u,uu975 U,LI82 0,840 0,0145 39,0 64,0 Y 8,2
5s) 5,23 0,122 0,00342 0,0985 0,0164 0,760 - 17,8 86,0 3,5 8,2
Be) 4,72 0,181 0,00281 0,433 00,0216 0,85 - 11,0 10¢,0 8,% 3,9
28) 4,76 0,129 0,00210 0,B45 0,028 - - 10,0 118,0 3,9 A1
1 4,75 0,130 0,00842 u,00968 0,0143 0,848 0,0I45 89,8 68,0 B,e P

16/1 4,76 0,187 0,00708 0,00952 0,0112 0,835 0,0131 3,6 53,8 2,8 8,4
& M,08 0,081 0,00885 0,004A2 0,0061 0,944 0,0059 18,8 30,0 2,8 ¢ _ 8,2
8 = 2,22 0,070 0,00495 0,046 0,00?7 0,963 -  IL,0 [7,1 2,7 3.5
2 4,65 0,044 0,004I0 0,00508 0,0060 0,981 0,0059 18,6 27,7 2,7 8,8
S 4,99 0,138% 0,00766 0,0100 0,0110 0,837 0,0I8% 86,8 55,0 8,1 3,5

Key:
a. Hydrogen was added to the reaction mixture in the
experiment
. Series and number of experiment
1/h
Partial pressures in reacting mixture, atm.
atlﬁl.
cm” /h

from equation

0 Hho O T

The laws indicated above for reaction kinetics could be explained

using the following scheme for their mechanism.

. Al @)

1) Rl ¢ 2, o= LM Hy ¢ (H) 1 3

2)  2phHy o= LA, e ) 1 1

3) 2N, o= ZNH e () 1 1 7)

&) 2.2}\23 —_— 22 . N2 «(R) 1 1

5) 2(8) =—— B 2 o

6) Sp8 Hye(B) e 20N, o 2 ~ORIGINAL PAGE s
' OF POOR NHIALITY

7) ZNE, + (¥) — I « N o] 4

’(1) EyH, s ,2. -z,

22 aE, e B, e



Here Z designates the adsorption center on the palladium surface; the

area Z2 contains two of these centers. In scheme (7)), 22N2H3 and

ZyNyH,y designate the chemosorbed particles of NoHy, NoH, and so

forth; (H) is the hydrogen atom dissolved in palladium. The

stoichiometric numbers are presented on the right of the equations

of stages. The columns ?f)stoich%gTetric numbers determine the base
and N .

route N(l) coincides with equation (1), while route N(z) coincides

routes of the reaction N The summary equation of the
with equation (2). The presented scheme is similar to the one

proposed for the reaction of hydrogenization of ethane [16].

In order to explain the results which refer to 140°, we assume
stages 1), 2), 3) and 6) to be equilibrium, and stages 4) and 7)
to the irreversible. Considering the surface of the catalyst to
be uniform and the coatings of the surface with intermediate forms
of dehydrogenization to be small (the percentage of free<places on
the surface /22/ = 1), we obtain from scheme (7) the following

Ikinetic equations:

iy (8)

0,5 0.5. (9)

Equation (8) is close to empirical equation (3), while equation

(9) agrees qualitatively with equation (4).

In order to explain the kinetic relationships which were obtained
at 220°, we assume that at this temperature the equilibrium of
stages 2), 3) and 6) is shifted to the right so that these stages
become essentially irreversible. In this case, the rate of
nitrogen formation Ty, Will be determined by the velocity of stage
2), while the velocit% of ammonia formation is determined by the

velocity of stage 6). In addition it was assumed that at temperature



220° it is impossible to ignore the coating of the surface with

chemosorbed particles of N,H,, that is

10
12 & 23S, .1, (10)

where /22N2H3/ is the percentage of the sites on the surface
occupied by chemosorbed particles of N,H;. We obtain the following
kinetic equations from mechanism (7) with these assumptions:

Snpnzsn
Ny I (11)

2,
o, "R K% 3;
. . } Py,

i 0,5\ Py 0,5
Tra, R = ij.s) \;?:; sz * (12)

3
.

Kinetic equations (11) and (12) agree satisfactorily with equations
(5) and (6) found in experiment if we assume n = 0./. One can come

to the conclusion that the scheme proposed above for the mechanism

tn

makes it possible to explain the kinetic relationships obtained on /1

|

palladium.

The published data on decomposition of hydrazine on Pe, W, Mo,
Cu, Cr and Ir show that on these metals, hydrazine even at low
temperatures (60 - 160°) is predominantly decomposed into N, and
NH . Based on scheme (7), these data can be explained by the
fact that stage (5) has very low velocity as compared to stages
6) and 7).
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